SNR (signal to ratio) is a criterion for providing objective information for evaluating the performance of a magnetic resonance imaging device, and is an important measurement standard for evaluating the quality of MR (Magnetic Resonance) image. The purpose of our study is to evaluate the correct SNR measurement for multi-channel coil and parallel imaging. As a result of research, we found that both T1 and T2 weighted images show the narrowest confidence interval of the method recommended by NEMA (The National Electrical manufacturers Association) 1 having a single measurement method, whereas the ACR (American College of Radiology) measurement method using a multi-channel coil and a parallel imaging technique shows the widest confidence interval. There is a significance in that we quantitatively verified the inaccurate problems of a signal to noise ratio using a ACR measurement method when using a multi-channel coil and a parallel imaging technique of which method does not satisfy the preconditions that researchers could overlook.
Introduction
Signal to noise ratio (SNR) is a criterion for providing objective information for evaluating the performance of a magnetic resonance imaging device, and is an important measurement standard for evaluating the quality of MR image [1, 2] .
As the technology developed in the single channel coil at the beginning of development, multi-channel coils are used now, and the method of calculating the signals of various channels comprehensively, and the method of measuring SNR becomes complicated.
In parallel imaging, differential weighting of signals from multiple small surface coils are used to determine the spatial origin of the signal, thus reducing the need for time-consuming gradient-encoding steps. Most modern MR systems are built in a parallel architecture, consisting of a body transmit coil and set of local receiver coils that feed into parallel channels for signal amplification and processing ( Fig. 1 ).
That is, if a parallel imaging technique is applied to reduce imaging acquisition time, SNR of image is declined by (The square root of acceleration factor) due to the loss of phase encoding signal. In order to compensate for this decline, the noise of image is amplified during the process of image reconstruction. The degree of amplification of noise may vary depending on the geometrical structure of an RF coil, and thus does not follow the conventional rician noise distribution any more [4, 7, [10] [11] [12] .
©The Korean Magnetics Society. All rights reserved. MR equipment is managed by special medical equipment and medical law. All MR equipment installed in the domestic are commonly used for ACR (American College of Radiology) quality control method (Fig. 2) . In the ACR MRI Quality Control Manual an SNR measurement method which uses a single image is suggested: the mean signal taken from a region of interest (ROI) in the central portion of the ACR phantom and the standard deviation (SD) from pixels located in the background of the image. Currently, most clinical institution in Korea use the ACR manual of SNR measurement method.
ACR method approaches used to acquire MR images produce a Rician noise distribution. However, with the implementation of multi-channel coil and parallel imaging the noise in MR images does not follow this distribution.
Incorrect SNR calculation cannot be an index for inspecting performance of a magnetic resonance imaging device, and cannot be a reliable answer with respect to physical and biochemical characteristics and changes of lesions and tissues [13] . In addition, the information that can be obtained therefrom is reduced, and thus there is a difficulty in sensing lesions, which leads to a bad influence on diagnosis and treatment of patients.
The purpose of our study is to evaluate the correct SNR measurement for multi-channel coil and parallel imaging.
Materials and Methods
We compared and evaluated the calculated SNR by using ACR and NEMA (The National Electrical manufacturers Association, hereinafter) methods recommendations. The recommended methods of NEMA are to compensate for the application of multi-channel and parallel imaging techniques.
Image acquisition
As an image acquisition device, we used a 3.0T superconductive magnetic resonance imaging device (Achieva, Philips medical system, Netherlands). As a single channel head coil for calculating the ACR method. We used 1 channel transmit receive head coil. As a multi-channel coil for comparing each method, we used 8 channel SENSE head coil. The standard T2, T1 technique of the ACR manual, which is currently defined as MR quality control, is used.
Regarding a parameter of images, in case of T1 weighted image, we used repetition time = 500 ms, echo time = 10 ms, slice thickness = 5 mm, gap = 2 mm, field of view = 230 mm, flip angle = 70, number of excitation = 1, and in case of T2 weighted image, we used repetition time = 3000 ms, echo time = 80 ms, slice thickness = 5 mm, gap = 2 mm, field of view = 230 mm, flip angle = 90, number of excitation = 1 in order to acquire an axial image of ACR phantom (J10470, J.M specialty, San Diego, CA.).
Image Evaluation methods
SNR was calculated by using the following formulas after measuring the signal intensity depending on each method by using Image J (Ver. 1.47v, NIH, USA), which is an image evaluation program. The SNR is determined by: SNR = 1. ACR method : The mean signal taken from a ROI in the central portion of the ACR phantom and the standard deviation (SD) from pixels located in the background of the image 2. NEMA method 1 : To calculate the signal, the two images were added and divided by two to get an average image. Following this process, the average pixel value from a circular ROI that encompassed 75 % of the phantom volume was used as the signal.
Noise: To calculate noise, the two images were subtracted to produce a third image. An ROI of the same geometry, which was used in the above signal calculation, was drawn in the subtraction image. The SD from this ROI was taken as the image noise where R is the average of an ROI, R(i, j) is an individual pixel within the ROI, and n and m are pixel numbers in the row and column direction At the time of measuring the signal intensity, ROI was set to 100 mm 2 .
3. NEMA method 2: This method used a single image to find signal and the non-signal image to find the noise. The average of an ROI encompassing 75 % of the signal producing volume of one of the acquired signal producing images was used as the signal. The noise computation was performed using data from the non-signal-producing image. On the MRI system used in this study, the signal was eliminated by setting the transmit RF coil voltage to 0 V. In other scanners, images without signal may be obtained by setting the flip angle to 0. The standard deviation of the ROI with the same geometry used to compute the signal was then measured on the non-signal image and divided by 0.66. image noise = 4. NEMA method 3: The signal used was the average of an ROI encompassing 75 % of the signal-producing region of the image. The Noise of four rectangular ROIs adding to a total of 1024 pixels were drawn outside of the phantom and away from any artifacts in the background of the image. The noise ROIs in both the frequencyencoding and phase-encoding directions were well removed from the signal-producing phantom(4) (Fig. 3) .
Statistical Analysis
For statistical analysis method, we compared each relative standard deviation (RSD) which is divided by the average (Avg) of the standard deviation (SD) for direct comparison of the SNR calculated by each method. We prepared Blend-Altman plot according to each method based on ACR measurement method using a single channel coil to compare 95 % confidence interval (CIs). In case of Blend-Altman Plot, when the interval of 95 % Cis is narrower, the conformity degree with the ACR measurement method using the single channel coil is higher.
Results
In case of a relative standard deviation that is used as an index of the degree of precision and shows a high reproducibility as a value becomes smaller, the method recommended by NEMA 1 having a SNR measurement method shows a low relative standard deviation both in T2 and T1 weighted images, and thus shows a high degree of precision. On the other hand, ACR method at the time of using multi-channel coil and a parallel imaging technique shows the highest relative standard deviation both in T1 and T2 weighted images, and thus shows a low degree of precision.
It can be understood that the method recommended by NEMA1 shows a spatially uniform noise distribution because the difference between SNR according to the location and a relative standard deviation is low just like a ACR measurement method using the single channel head coil. However, in case of ACR measurement method using a multi-channel coil and a parallel imaging technique, it can be understood that spatial noise distribution is not uniform because it shows the difference of a minimum of 34.02 % and a maximum of 176.60 % depending on the locations.
Regarding the measurement result of T2 weighted image, just like the measurement result of T1 weighted image, it can be understood that ACR measurement method using a single channel head coil and the method recommended by NEMA1 show spatially uniform noise distribution because the difference between SNR according to the location and a relative standard deviation is small. However, in case of ACR measurement method using a multi-channel coil and a parallel imaging technique, spatial noise distribution is not uniform because the method shows the difference of a minimum of 144.56 % and a maximum of 358.60 % depending on the locations (Tables 1, 2) .
All of the above-referenced results well represent the problems of ACR measurement method using a multichannel coil and a parallel imaging technique of which method does not satisfy the preconditions. In case of the methods recommended by NEMA, the methods show SNR value regardless of where a person who is measuring the target object locates ROI in order to measure the standard deviation of background. However, in case of ACR method using a multi-channel coil and a parallel imaging technique, it brings a big difference of SNR depending on where the ROI is located, thereby reducing reproducibility and accuracy according to the location which would result in inaccurate results.
As can also be understood from Blend-Altman plot, as a result of preparing Blend-Altman plot according to each recommended method on the basis of ACR measurement method using a single channel head coil, and comparing 95 % confidence interval, we found that both T1 and T2 weighted images show the narrowest confidence interval of the method recommended by NEMA1 having a single measurement method, whereas the ACR measurement method using a multi-channel coil and a parallel imaging technique shows the widest confidence interval.
It means that as the interval of Blend-Altman plot becomes narrower, a criterion method and a conformity degree are high. Thus, the above results show that the method recommended by NEMA1 has the highest conformity degree as compared to the ACR measurement method using the single channel head coil, and that the ACR measurement method using a multi-channel coil and a parallel imaging technique has the lowest conformity degree. This also well represents the problem of the ACR measurement method using a multi-channel coil and a parallel imaging technique of which method does not satisfy the preconditions.
Discussion
SNR is an object index for evaluating the performance of a magnetic resonance imaging device and the quality of image. Many researches in method of calculation have been conducted thus far [1, 2] . The ACR method is commonly used by clinical physicists in the field because it is considered to be the easiest and quickest measurement. However, owing to the development of hardware and software of a magnetic resonance imaging device, a multi-channel coil and a parallel imaging technique have been introduced, and they have influenced the spatial distribution of noise. Due to this, at the time of using a multi-channel coil and a parallel imaging technique, the accuracy of a ACR measurement method has been reduced [7] [8] [9] [10] [11] [12] .
NEMA methods have recognized the above-mentioned problems, and separately recommended an SNR measurement method at the time of using a multi-channel coil and a parallel imaging technique. Individually, Olaf Dietrich et al. [4] and Michael C et al. [9] compared an SNR measurement method and a self-developed SNR measurement method according to the Reconfigurable Filter at the time of using a multi-channel coil and a parallel imaging technique with the conventional method. However, the methods recommended by NEMA and the research methods of Olaf Dietrich et al. [4] and Michael C et al. [9] merely recommend the measurement methods determined by the pertinent institutions without offering any quantitative material for the problems of a ACR measurement method that arises when applying a multi-channel coil and a parallel imaging technique and providing any direct relative comparison.
Furthermore, these methods do not even mention what problem could arise when researchers use ACR measurement method as a general practice in researches using a multi-channel coil and a parallel imaging technique as an experimentally simple comparative research for the researches of themselves. In this regard, in the present study, we quantitatively compared the methods that are suggested for the calculation of SNR performed in ACR, NEMA organizations except individual researches. In the present study, we aimed at figuring out the problems of ACR measurement method that is conventionally used when using a multichannel coil and a parallel imaging technique.
As a result of research, we found that a ACR measurement method using a multi-channel coil and a parallel imaging technique shows the highest relative standard deviation both in T1 and T2 weighted images, and thus shows a low degree of precision. Furthermore, it can also be understood that as to the difference of SNR according to ROI location for obtaining the standard deviation of noise, a ACR measurement method using a multi-channel coil and a parallel imaging technique does not show a spatially uniform noise distribution because it shows the difference of a minimum of 34.02 % and a maximum of 176.60 % in T1 weighted image and the difference of a minimum of 144.56 % and a maximum of 358.60 % in T2 weighted image. The above-referenced results well represent the problems of ACR measurement method using a multi-channel coil and a parallel imaging technique of which method does not satisfy the preconditions. This can also be understood from Blend-Altman plot. It can be understood that 95 % confidence interval of ACR measurement method using a multi-channel coil and a parallel imaging technique is the widest, and thus that the conformity degree with ACR measurement method using the single channel head coil is low (Figs. 4, 5) .
There was a limit to the progress of the present study. Many researches [4, 13, [16] [17] [18] have presented a replaceable SNR measurement method for supplementing a limit to the ACR measurement method and measuring a more accurate SNR. However, it was a self-developed individual research method. Furthermore, each of the replaceable methods also has limits and requirements to be applied to all of the parallel imaging technique and the reconstitution method [4] . For this reason, we compared only the measurement methods of NEMA organizations.
However, by directly comparing an SNR calculation method [19] presented by ACR manual, which serves as a standard of a performance evaluation test of a magnetic resonance imaging device under the same image acquisition conditions and an SNR calculation method [20] using the difference of neighbor pixels of NEMA1 which can accurately determine the noise level in a signal region throughout a noise region for covering a wide range, a non-uniform image and an artifact region with the methods recommended by manufacturers of a magnetic resonance imaging device, there is a significance in that we quantitatively verified the problems of a ACR measurement method using a multi-channel coil and a parallel imaging technique of which method does not satisfy the preconditions that researchers could overlook.
Conclusion
There is a significance in that we quantitatively verified the problems of a ACR measurement method using a multi-channel coil and a parallel imaging technique of which method does not satisfy the preconditions that researchers could overlook.
The recommended method of NEMA 1 is to compensate for the application of multi-channel and parallel imaging techniques.
